Midbrain dopaminergic neurons: determination of their developmental fate by transcription factors.
Midbrain dopaminergic neurons are the main source of dopamine in the mammalian central nervous system and are associated with one of the most prominent human neurological disorders, Parkinson's disease. During development, they are induced in the ventral midbrain by an interaction between two diffusible factors, SHH and FGF8. The local identity of this part of the midbrain is probably determined by the combinatorial expression of three transcription factors, Otx2, Pax2, and Pax5. After the last cell division, the neurons start to express transcription factors that control further differentiation and the manifestation of cellular properties characteristic for adult dopaminergic neurons of the substantia nigra compacta and the ventral tegmentum. The first to appear is the LIM-homeodomain transcription factor, Lmx1b. It is essential for the survival of these neurons, and it regulates the expression of another transcription factor, Pitx3, an activator of tyrosine hydroxylase. Lmx1b is followed by the orphan steroid receptor Nurr1. It is essential for the expression of the dopaminergic phenotype. Several genes involved in dopamine synthesis, transport, release, and reuptake are regulated by Nurr1. This requirement is specific to the midbrain dopaminergic neurons, since other populations of the same neurotransmitter phenotype develop normally in absence of the gene. A day after Nurr1, two homeodomain transcription factors, engrailed-1 and -2, are expressed. In animals deficient in the two genes, the midbrain dopaminergic neurons are generated, but then fail to differentiate and disappear very rapidly. Interestingly, alpha-synuclein, a gene recently linked to familial forms of Parkinson's disease, is regulated by engrailed-1 and -2.